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Our invention relates to improvements in
electric motors. ‘

* This application is a division of U. S. pat-

ent application Serial No. 873,588, filed June
5 25,1929, and disclosing the same generic in-
vention. ' :

Efforts have already been made, by vari-
ous ways and means, to solve the problem of
constructing electric motors which are to
serve, for instance, for driving pumps, in
such way that they can operate direct in the
water or other liquid to be raised without
having to fear break-downs. It has been sug-
gested for instance to insert a fluid tight par-
tion in the form of a thin walled tube in the
space between the stator and rotor of the elec-
tric motor (particularly in the case of three-
phase motors with squirrel-cage rotors),
which tube closes tightly around the casing
of the stator, so that the winding of the
stator is then completely closed in. The hol-
low space of circular annular section contain-
ing the stator was to be filled with an insu-
lating oil, and as the rotor can be so produced
as to be unaffected by water or other fluids,

- such a motor can be plunged into the liquid
which is to be delivered by the pump.driv-
en by the motor straight away.

Now the object of the present invention is
tomake the partition between rotor and stator
as thin as possible in order that quite a nar-
row space between rotor and stator shall suf-
fice to take this partition, thus enabling the
dimensions of the parts of the motor coming
into question to be reduced as far as pos-
sible.

The tube inserted in the space between ro-

- tor and stator may consist of a suitable metal,
40 Or metal alloy produced with a thickness of

wall being only a small fraction of a milli-

meter. Of course, a tube with such thin walls

is easily deformed, and means must be pro-

vided to prevent such deformation if the cer-
45 tainty of operation of the electric motor is
to be maintained ; the rotor must be prevent-
ed from coming into contact with the thin
plate tube, as in such case it would soon be
destroyed, which would consequently in turn
destroy the sealing of the stator chamber, in
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which is to be found the winding connected

. with the system. . ' ‘ ‘
The thin partition tube is subjected, on the

one hand from the space in which the rotor
is located, to the hydrostatic pressure of the
liquid in which the motor works, and on the
other hand, from the space in which the
stator winding is to be found, to the pressure
of the medium filling the hollow space of the
stator, which medium expands consequent on
the heat generated during operation. In or-
der to avoid a detrimental deformation of
the thin tubular partition care must be taken
to see either that the parts forming the stator

chamber and contents thereof, including the

substance filling the hollow space can expand
as freely as possible under the influence of the
heat generated in operation, or that the ex-
pansions caused by the heat of all these parts
is so small that practically they need not be
taken into consideration. These two main

 possibilities can also- be simultaneously

turned to account with one another.
Care must also be taken to see that the thin
Eartition-tube which seals the stator cham-

er from the rotor is less susceptible to com-.

pressive stresses which emanate from the
space in which the rotor operates than to
compressive stresses which emanate from
the interior of the stator chamber. Every
tube is, of. course, more easily able to take
up internal pressure than external pressure,
as the wall of such a tube is mainly under
tensile stress from the internal pressure, while
any pressure taking effect from the outside
tends to cause the wall of the tube to collapse

inwards. In the case of an extremely thin .

walled tube as is to be used here, this differ-
ence in the capacity for withstanding in-
ternal and external pressure is naturally em.-
phasized. ~ -
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It will be seen from this that care must be -
taken to avoid high pressure taking effect -

on the thin-walled tubular pactition from
the stator chamber and that if the difference
between this pressure and the hydrostatic
pressure taking effect from the other side is

.able to deform the tube towards the rotor,

it will necessarily quickly be destroyed as a
consequence-of the friction of the rotor.
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According to our invention the stator cham-
ber in which the stator winding is to be
found, is filled with a gaseous medium, By
using such a filling medium we avoid many

8 drawbacks caused by liquid filling media
which have been sug%estcd heretofore. Also
the compressibility o rmits to easily

regulate the pressure thereof in any desired.

manner. , : \

10 In order that our invention may be the
better understood, we will now proceed to
describe the same in relation to the accom-

anying drawing, reference being had to the
etters and figures marked thereon; like let-

16 ters refer to like parts in the various figures
in which:— S

Fig. 1 is an axial section through a motor
constructed according to our invention;

Fig. 2 a cross section through the rotor

26 of the said motor drawn on an enlarged scale
and taken on the line B—B of Figure 1;

Tig. 8 shows means for tightly fixing the
ends of the thin-walled tubular partition;

Fig. 4 is an axial section of a modification

25 of the motor with parts broken away;

Fig. 5 is an axial section of a further modi-
ﬁcztion of the motor with parts broken away;
an

Fig. 6 shows a modification of Fig. 4,

82 wherein an open pipe is connected up with
the expansion chamber.

The rotor 1 is carried on the shaft 2, which
ishoused inthebearings3and4 of the casing 5.
This housing 5 also encloses the stator 6

85 with its windings 7 and consists in this case
-of 8 tubular part and end pieces 8 and 9, the
end piece 9 being closed by a cover 10 con-
ﬁ;&ining thebearing 4. Theend pieces8and 9
have Janges 11 and 12 respectively, a thin-

40 walled partition tube 13 being tightly mount-
ed ip the inner periphery thereof. By this
means a chamber of circular annular section,
closed on all sides, is formed inside the casing
5 by the two flanges 11 and 12 and the thin-

4% walled partition tube 18, inside which cham-
ber the stator with its windings is enclosed.
The current conducting cable 14 of the stator
can be passed through in a perfectly tight

~ and simple manner at any point of the casing.

‘3 The end pieces 8 and 9 of the housing may
be provided with apertures 15 and 16, respec-
tively, through which water can penetrate

{rom outside into the room of the rotor.

Thesa apertures 15 and 18 also may be pro-
‘86 vided with £lters or may be entirely omitted.
Fig. § shows the manner in which the thin-
walled partition tube 18 is tightly closed to
the stator casing. Each end of the cylin-
drical wall 18 is provided with a flange 18
80 which is placed against the flanges i1 and 12,
respectively, of ﬂ%e motor casing 5 and fixed
thereto by the pressure ring 19. ‘
In accordance with our invention the stator
chamber is filled with gaseous substances.
€5 As & gaseous filling substance even air may

be used, or alternatively any naturall

Y
.of a non-injurious nature, may be introduced.

If the motor is to operate at only a slight
depth in a liquid, the hydrostatic pressure
taking effect on the thin tubular partition
will also be comparatively low, so that the
partition tube is easily able to take this pres-
sure. It is however often necessary to pro-
vide for greater alterations in volume in the
interior of the stator chamber, which alter-
ations are due to the expansion of the gaseous
filling substance as a consequence of the heat-
ing in working.

o long as the pressure arising hereby in

the interior of the stator chamber is not -

greater than the hydrostatic pressure of the
surrounding liquid taking effect from the
other side on the thin-walled partition tube,
no risk will exist of an undue stress being
put upon the tubular partition. If, how-
ever, an excess of pressure arises in the in-
terior of the stator chamber beyond the
hydrostatic pressure, the thin partition-tube
may very easily be pressed in, and the con-
sequence of this would be that the rotor
would rub on the tubular partition and grind
through the latter in a short time.

Now in order to prevent any such increase
in pressure in the stator chamber, devices can
be provided which ensure an automatic regu-
lation of the pressure inside the stator
chamber. .

It may for instance be advisable to connect
up with the stator chamber gas-filled expan-
sion vessels, which may have rigid walls and
which only fulfil the purpose of placing
greater space at disposal for the filling medi-
um contained in the stator chamber, so that
the increasing pressure in the interior of the
stator chamber as a consequence of the ex-
pansion of the filling medium by heat cannot
rise to an inadmissable degree. Such gas-
filled expansion chambers with rigid walls
render a compensation of pressure possible
in a simple manner. ,

Such expansion chambers can be arranged
either inside or outside the motor casing or
an enlargement of the motor casing itself
maiz fulfil this object.

ig. 4 shows by way of example a vertical
arrangement, wherein an expansion vessel 21
with rigid walls is placed outside the motor
casing 5 and communicates with the stator
chamber 22 by means of the pipe 20. The
gaseous filling medium fills up the stator
chamber 92, the pipe 20 and the interior of
the expansion vessel 21. ‘

In Fig. 5 an enlargement of the motor cas-
ing 5 itself serves as expansion chamber, the
room 38 fulfilling the object of the expansion
vessel 21 shown in Fig. 4.

Tt is also possible as illustrated by Fig. 6,to
connect up with the stator chamber 22 an
open pipe 23 emerging from the surface of
the external liquif 6ne or more enlarge-
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ments 21 may also be inserted in such emer-

gent pipe. .
In many cases it is advisable to produce a

pressure below that of the atmosphere in the

8 stator chamber; namely a pressure which, so

long as the normal temperature rules in the
stator chamber, is less than the hydrostatic
pressure of the external liquid or less than
the external atmospheric pressure. In this

10 connection it is possible to arrange the con-

ditions in such manner that if any increase
in pressure arises during the working as a
consequence of the heating, the ensuing pres-

- sure either does not exceed the hydrostatic
18 pressure of the external liquid or not beyond
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defined limits.
The use of a pressure below that of the
atmosphere can also be combined with the

‘use of gas-filled expansion chambers as de-

scribed above, which renders it possible to
make the dimensions of these expansion cham-
bers very small. By choosing a pressure
sufficiently below that of the atmosphere,
such expansion chambers are naturally not
necessary at all, '
Any such pressure below that of the atmos-
phere in the interior of the stator chamber
naturally also carries with it the consequence
that the walling of the thin partition-tube is
kept continually pressed tightlfy to the stator
plate supporting it which is of great advan-
tage as in this case the thin partition tybe is
secured against any contact with the rotor.
The gas filler must not fill up the entire
stator chamber in any case. Sometimes it
will be advantageous to fill this chamber part-
ly with a gas and partly with a liquid, where-

‘by it is obtained that the liquid filler can

freely expand under the influence of heat
into the space kept by the gas filler.

If the motor is intended to be plunged to
any considerable depth, the hydrostatic pres-
sure of the fluid surrounding it may g)e 50
great as to prevent the thin-walled partition
tube withstanding it without counter-pres-
sure from the interior of the stator chamber.
Care is therefore to be taken that as perfect
a compensation of pressure as possible on
both sides of the walling of the partition-tube
is obtained, in which connection it is natural-

also necessary to take into consideration

1
tie variability of the pressure in the interior

of the stator chamber as a consequence of the
expansion from heat occurring during opera-
tion. ~ All the means described above may be
used for the regulation of pressure in the in-

terior of the stator chamber.

The motors designed according to our in-
vention may be used for the direct drive of
pumps plunged into water, into crude oil (oil
wells) or such like can be arranged both with

“vertical and horizontal shafts.

Having now particularly described and
ascertained the nature of our said invention
and in what manner the same is to be per-

formed, we declare that what we claim is:—

1. An electric motor adapted to be used
under water or other liquid, comprising a
rotor, a stator, a casing surrounding said

stator, an imperforate metallic partition- -

tube, thinner than one millimeter, arranged
in the air gap between said stator and rotor
and forming with said casing a liquid-tight
stator chamber of substantially annular
cross-section, and a gaseous filling medium in
said stator chamber. '

2. An electric motor adapted to be used
under water or other liquid, comprising a
rotor, a stator, a casing surrounding said
stator, an. imﬂerforate metallic partition-
tube, thinner than one millimeter, arranged
in the air gap between said. stator and rotor
and forming with said casing a liquid-tight
stator chamber of substantially annular
cross-section, and a gaseous filling medium
in said stator chamber, the gas pressure
therein, even at the maximum temperature-
rise of the motor, being sufficiently low to

prevent the said partition-tube from being -

materially deformed. '

3. An electric motor as set forth in Claim
2, in which the gas pressure in the said stator
cixamber, even at the maximum temperature-
rise of the motor, only exceeds the pressure
outside of the said partition-tube by so slight
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a degree that no risk exists of the thin par-

tition-tube being pressed in.

4. An electric motor adapted to be used un-
der water or other liquid, comprising a rotor,
& stator, a casing surrounding said stator,

100

an imperforate metallic partition-tube, thin- .

ner than one millimeter, arranged in the air
gap between said stator and rotor and form-
Ing with said casing a liquid-tight stator
chamber of substantially annular cross-sec-
tion, and a_ gaseous filling medium in said

stator chamber, the gas pressure therein even

at the maximum temperature-rise, being al-

ways lower than the pressure outside the 110

5. "An electric motor as set forth in Claim

said partition-tube.

105

1, having at least one expansion chamber of K

suitable size, which is provided with rigid
walls, filled with a gaseous medium, and com-
municating with the said stator chamber.

6. An electric motor adapted to be used
under water or other liquid, comprising a
rotor, & stator, a casing surrounding said
stator, an imEerfomte metallic partition
tube, thinner than one millimeter, arranged
in the air gap between said stator and ro-
tor and forming with said casing a liquid-
tight stator chamber of substantially annu-
lar cross-section, a gaseous filling medium
in said stator chamber, and at least one ex-

ansion chamber formed as an integral en-
ariement of the motor casing itself, filled
with a gaseous medium, and communicating
with the said stator chamber.

7. An electric motor adapted to be used un-
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der water or.other liquid, conrprising a rotor,
a stator, a casing surrounding said stator, an
imperforate metallic partition-tube, thinner
than one millimeter, arranged in the sir gap

. § between said stator and rotor and forming
with said casing s liquid-tight stator cham-
ber of substantislly annular croes-section, &
. gaseous medium filling partly said stator .

. chamber, and a liquid m%etthe remaining

10 part of the said stator chamber.

' In testimony whereof we affix our signa-

tures. ,
RICHARD GOLD.
JULIUS SCHMAUSS.
15 )



